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Major injury or infection is commonly followed by extensive weight loss, an increase in the catabolism of protein and modification in carbohydrate and fat metabolism (Cuthbertson 1932 , Moore & Ball 1952 . These changes reflect the alteration in the internal environment and in the composition of the body after injury. Almost every aspect of body function is affected but in terms of practical management of patient nutrition the two important aspects are the requirements of calories and protein.
Caloric Requirements
It was thought initially that energy requirements increased after all forms of trauma as a result of catabolism, and that a proportional increase in calorie intake would be necessary to restore equilibrium. In the average patient this has now been shown not to be the case. After operations of moderate severity the total caloric expenditure may decrease in the first few days after operation when the stimulus of the trauma is maximal. Changes do occur in energy metabolism which are characteristic of trauma but in the case of moderate trauma these are seen only in the different components of body function which comprise the calorie expenditure.
A hospital inpatient not subjected to stress uses approximately 2200 kcal (9240 kJ) per day (Kinney 1960) . Of that the basal metabolic activity, which is a 24-hour expression of the basal metabolic rate, accounts for between 1500 and 1700 kcal. The specific dynamic activity, which is that energy required for the digestion and assimilation of foodstuffs, especially protein, expends 200-300 kcal, and muscle activity, which is very much reduced in the inpatient, uses 200-400 kcal. Muscle activity is at a minimum after operation and there is often partial or total starvation so that both of these components are distinctly reduced. The major positive change is in the basal metabolic expenditure which may increase by up to 20% but this increase is offset by the reduced muscle activity and specific dynamic activity so that the total expenditure remains identical with or is even lower than preoperative values.
Moderate elective and acute trauma are relatively minor stimuli as far as the energy response to trauma is concerned. Acute infection is a much more potent stimulus and can increase the basal metabolic expenditure by 30-40% (Roe 1966) . Thus the 1700 kcal basal expenditure would be increased to 2200-2400 kcal and to this would be added muscle activity and specific dynamic activity, but it is unlikely that the total calorie expenditure would exceed 3000 kcal.
By far the greatest energy expenditure occurs after burns (Rabelo et al. 1961 ). In addition to the stimulus of the much more severe trauma there is the extra effect of the calorie expenditure required to maintain body temperature in the presence of excessive heat loss by vaporization from exposed burned areas. With burns involving 30% of the body surface the calorie expenditure may be near 3500 kcal and in more extensive burns, for example 60%, where management by an exposure regime can mean losses of several litres of fluid per day, the expenditure may rise to 5000 kcal or more per day.
Nitrogen Requirements
The protein requirements after trauma are best expressed in the form of the nitrogen equivalent, either as the total intake in grams nitrogen (gN) per day or related to body weight (gN/kg per day). An excess amount of nitrogen is lost in the urine after trauma indicating the catabolic nature of the metabolic response to injury. The classical description of this state of affairs is summed up in the phrase 'negative nitrogen balance'. Just as for energy expenditure, moderate operative and accidental trauma is a relatively mild stimulus for protein catabolism. In the first 7 days after abdominal surgery, when the catabolic effect is detectable, a patient may lose between 60 and 80 gN, of which the major part is due to starvation and only 15-30 gN is attributable to operation. On a daily basis these losses amount to 16 gN or 0.23 gN/kg, which is only slightly in excess of the normal needs of 0.14-0.18 gN/kg (Clark 1967) .
The magnitude and duration of protein catabolism is related also to the severity of the stress stimulus and is seen at its greatest in extensive burns. Soroff et al. (1961) have shown in studies of severe burns that the nitrogen requirements are increased by 3-4 times during the first 14 days after injury and return gradually to normal over the ensuing 60 days.
The excess nitrogen which is excreted in response to injury appears to be derived from a 'labile' source (Fleck & Munro 1963) and once the patient becomes protein-depleted the capability to excrete an excess of nitrogen in response to injury is lost (Johnston 1967 ). Most studies indicating increased protein needs after injury have been performed on well-nourished individuals during the phase of excess nitrogen loss and little is known of the protein requirements of depleted patients who sustain an injury or develop an infection. We have tried to determine this in Sheffield by studying the needs of severely depleted patients requiring parenteral nutrition. The nutrient solution used was Aminoplex 5 which contains 5g synthetic 1-amino nitrogen and 1000 kcal in each litre of solution. These patients are in two groups, either where parenteral nutrition is used as the sole source of nourishment or where it is used as a supplement to an inadequate oral intake. Two patients, both of whom had lost 30% of their body weight, were fed solely by intravenous means. One ofthem, who had a duodenocutaneous fistula and was suffering only from starvation, was fed for 24 days. Before feeding he was in negative nitrogen balance of -0.07 gN/kg per day. A daily intravenous intake of 0.20 gN/kg and 40 cal/kg produced a strong positive balance of +0.06 gN/kg per day. The other patient had a jejunocolic fistula and was suffering both from starvation and multiple intraabdominal abscesses. The nitrogen balance was -0.37 gN/kg per day before feeding and the administration intravenously of 0.36 gN/kg and 60-70 kcal per kg daily could only reduce the negative nitrogen balance to -0.03 gN/kg per day.
Three patients were given parenteral nutrition as a supplement to inadequate oral feeding. Two patients were suffering solely from starvation, one having Crohn's disease (weight 40 kg) and the other carcinomatosis (weight 36 kg). On an oral intake of 0.12 gN/kg and 25 kcal/kg per day both were in negative nitrogen balance of near -0.5 gN/kg per day. Parenteral feeding increased their intake to 0.38-0.40 gN/kg and 75-80 kcal/kg per day and produced positive balances of +0.11 and +0.19 gN/kg per day. The third patient (weight 38 kg) had recurrent intraabdominal sepsis and on an oral intake of 0.13 gN/kg and 26 kcal/kg per day the nitrogen balance was -0.13 gN/kg per day. Combined oral and intravenous feeding increased the daily intake to 0.38 gN/kg and 76 kcal/kg but the resulting response in nitrogen balance was only +0.05 gN/kg per day.
Within these patients there were two responses. Those patients exposed only to starvation were more readily restored to a positive nitrogen balance than those enduring sepsis in addition to total or partial starvation. When the relationship between nitrogen intake and balance is drawn up, equilibrium was achieved at 0.18 gN/kg per day for those who were only starved and at 0.38 gN/kg per day for those who were both starved and infected. Therefore, despite the fact that these patients were severely depleted, infection remains a strong enough stimulus to double the nitrogen requirements.
Comment
In terms of matching the energy expenditure the caloric requirements of an adult subjected to moderately severe trauma are most readily served by a daily intake of 2500-3000 kcal, i.e. 34-45 kcal/kg. In exceptional circumstances such as extensive burns the energy needs may be as high as 5000 kcal or 70-80 kcal/kg per day. However, the nitrogen losses after injury are proportionally much greater than any change in energy expenditure and this emphasizes one of the major differences between the metabolic responses to starvation and trauma. The requirements of calories and nitrogen during starvation match very closely the expenditure and replacement at that level readily restores equilibrium. This is not so after trauma and infection, where exact replacement of the losses of energy and protein will not achieve equilibrium. There need to be additional Section ofAna?sthetics 767 calories to achieve optimal utilization of the protein given to match the losses. The ratio by which this is most commonly derived is that for every 0.1 gN one should provide 20 kcal for every kilogram of body weight.
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Intravenous Nutrition: The Materials Available
The last ten years have seen an increasing appreciation of the clinical relevance of the energy demands and altered nitrogen balance that follow accidental or operative trauma. In the short term these changes are of little consequence but where the demands are sustained, as in cases of ileus, bums, intestinal fistula and intraperitoneal sepsis, or where they are combined with starvation, they become significant and if not countered can lead to emaciation of the patient.
The message that the infusion of solutions of 5 % dextrose and plasma is inadequate in coping with such situations has been broadcast both through the publication of detailed clinical studies of the problems mentioned (Troell & Wretlind 1961 ) and through intensive advertising by companies marketing intravenous nutrients in this country.
Clinical studies have convincingly demonstrated that when a utilizable source of nitrogen is administered in combination with adequate calorie provision, negative nitrogen balances can be reversed and weight loss prevented (Johnston 1972) . Dramatic evidence of the effectiveness of these regimes has been provided by Dudrick et al.
(1968) who have been able to sustain growth and development in infants by intravenous nutrition alone, and by Coats (1969) who has similarly kept alive for 7.5 months a patient subjected to virtually total small bowel excision.
Sources ofNitrogen
Until recently the main source of nitrogen for intravenous use has been the preparations obtained by the enzymatic hydrolysis of the protein casein. The best known of these preparations, Aminosol, has been widely used in the United Kingdom for many years and is recognized to be safe and effective. In the United States such hydrolysates of casein or fibrin, prepared under strictly aseptic conditions in hospital pharmacies, still appear to be the major source of amino acids for intravenous feeding (Dudrick etal. 1972) .
This contrasts markedly with practice in the United Kingdom where all intravenous nutrients are imported from Europe, principally from Sweden, France and Germany.
The first synthetic amino acid mixtures appeared several years ago in the form of racemates, that iS DL amino acids (Trophysan). It is only in the last two years that mixtures of pure L-form amino acids (Vamin, Aminoplex) have become generally available. The advent of these latter amino acid preparations means that the practitioner contemplating intravenous feeding for a patient now has three different nitrogen sources at his disposal.
In order to assess the efficacy of these sources it is necessary to recall some facts about nitrogen metabolism: (1) That ingested protein is hydrolysed in the gut to dipeptides and amino acids which are then absorbed and conveyed via the portal circulation to the liver. The dipeptides are rapidly broken down to amino acids in the portal circulation (Hellier et al. 1972) . It is from these absorbed amino acids, and the endogenous amino acids in the 'amino acid pool', that the synthesis of body protein occurs. There is as yet no convincing evidence that peptides can be used directly for protein synthesis. (2) That amino acids are optically active and thus able to exist in the D-and L-forms. Apart from D-methionine only the Lforms can be used by the body; if D-forms are administered they are deaminated and excreted in the urine. (3) That of the 18 amino acids present in the body, 8 are considered essential, i.e. they cannot be synthesized by the body and have to be provided. The other ten are not essential and can be synthesized from the eight essential amino acids.
Taking the above facts into consideration, the ideal nitrogen source for intravenous use should theoretically consist of a mixture of L-form amino acids with the 8 essential and 10 non-essential amino acids in proportions similar to those found in a high quality protein.
